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Effect of Jet Lag on Driving
Driving a vehicle in a normal traffic environment requires a high cognitive load associated with full attention, sound judgment, and a prompt reaction speed. 5 With the limited number of studies published, there is a lack of evidence asserting a direct association between jet lag and road traffic accidents. Jet lag-induced fatigue results in sleep deprivation in drivers, which leads to diminished concentration, deterioration in alertness, and impaired decision-making. 6 Sleepiness while driving is a significant contributor to road traffic collisions. 7 Lack of awareness or failure to recognize the debilitating effects of jet lag and driving immediately after a long-haul flight put drivers at risk of a fatal road traffic accident.
Risk Factors for Jet Lag
Circadian misalignment from jet lag crossing several time zones usually dissipates in a few days. 8 The effects of jet lag differ between individuals based on their susceptibility, and considerable variation exists in the rate of physiological adaptation to a new local time zone. 3, 4, 9 Jet lag syndrome is more pronounced when the traveler does not receive adequate sleep, where sleep is of short duration, where there is an underlying sleep disorder, or where sleep is disturbed by other passengers or air crew during the flight. 9 For unknown reasons, the rate of adaptation to local time cues seems to decrease as people get older.
10 Different ethnic groups also display different recovery times from jet lag. One study found that African-Americans are more likely to suffer longer periods of jet lag regardless of the direction of the flight when compared to European-Americans. 11 Hence, the management of jet lag may be more important among African-American travelers. European-Americans are found to have a larger phase delay which permits them to have adequate sleep and prevents early awakenings usually seen after westward flights.
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Light is one of the strongest zeitgebers and has a profound influence on the human circadian rhythm. Researchers speculate that this may have been a process of natural selection occurring over thousands of years whereby Europeans living in northern latitudes had to adapt to photoperiods, or durations of sunlight, that change with seasons. 12 Furthermore, it is reported that salivary cortisol levels increase significantly when travelers cross more than one time zone and to a greater extent with eastward travel. 13, 14 This study hypothesized that a short-term shift in the diurnal cortisol pattern is adaptive rather than harmful; however, further research is required to better understand this beneficial property as an "awakening" hormonal response. There are also possible long-term consequences of physiological, psychological, and cognitive deficits in chronic shifts of diurnal patterns associated with frequent flying or routine travel.
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Influence of Flight Direction on Jet Lag
The direction of the flight also has an impact on the severity of jet lag. Many studies have reported that flying in an eastward direction exerts a more pronounced jet-lag effect than flights in a westerly direction. 8, 9, 13, 16 After an eastward flight, travelers usually experience difficulties in falling asleep at night and sleepiness in the morning. The effect of sleepiness after an eastward flight is milder, but adjustment takes a longer period to re-entrain normal circadian rhythms. 5, 8 One possible explanation for this phenomenon might be that travelers are often exposed to light on arrival at their destination that induces a phase shift, which deranges the normal circadian rhythm during their circadian low, the period when the body is programmed to sleep. 16 In addition, many travelers often adjust and phase shift in the wrong direction. To apply it to a real-life jet lag situation, with 8 hours advance phase shifts of zeitgebers, which is similar to flying eastward across 8 time zones, travelers adjust by delaying phase shifts by 16 hours (adjustment in a westward direction) instead of advancing 8 hours. One study found that ethnic groups with larger phase delays (such as European-Americans) are more likely to adopt this antidromic re-entrainment. 17 Moreover, westward flights crossing more than 5 time zones result in evening sleepiness and early morning awakening in travelers. Westward travel is associated with a shorter period of recovery and causes less disruption than eastward travel as it is easier to lengthen our natural circadian rhythm. 18 However, it is also important to note the time of the day on arrival. Some would argue that late afternoon and evening arrival times are associated with the highest incidence of road traffic accidents, stemming from the fact that light is starting to diminish during these hours. 19 For westward travelers arriving at evening time, driving in poor lighting conditions is considered less favorable for road users, especially immediately after a long-haul flight when jet lag symptoms are starting to appear. The summation effects of jet-lag induced fatigue, a delayed phase shift in the circadian rhythm causing sleepiness, and poor lighting conditions on roads are contributing factors that are implicated in the increased risk of road traffic injuries and fatalities at night. 20 Jet lag-induced fatigue is more severe following a long-haul flight that crosses multiple time zones. 8 A survey of 739 pilots reported that fatigue during a long-haul flight was mainly due to night-time flights and jet lag that results in sleep deprivation. 21 Self-reported manifestations of fatigue in 60% of the long-haul flight pilots included impairment of attention and alertness and a lack of concentration. A questionnairebased study in the United States found that airline passengers on a long-haul flight were more likely to consume alcoholic drinks on board. The authors concluded that alcohol was less likely to worsen jet lag. 22 Further studies are still required to gain a deeper understanding of the disruption of the circadian clock and the length of recovery from jet lag in order to minimize the potential threat it poses to road users.
Role of Melatonin in the Management of Jet Lag
There are several ways to minimize the effects of jet lag, either by lifestyle measures or pharmacological interventions. 8 The primary symptom of jet lag among travelers is sleep disturbance. 23 Sedative-hypnotics or stimulants may be useful in counteracting this symptom. The secretion of the neurohormone melatonin is a crucial time cue in mediating the rhythmic sleep-wake pattern and regulating the circadian rhythm. 24 Under the influence of the light-dark cycle, it moderates the secretion by the pineal gland, where darkness switches on melatonin secretion while light inhibits its secretion. 21 Thus, the signaling of melatonin in the night increases the natural tendency to sleep. 25 Clinical studies have provided strong evidence that melatonin supplements reduce the severity of jet lag and improve the quality of sleep in both eastward and westward travel when compared to placebo and have minimal side effects. 26 Given the complexity of synchronizing the properties of melatonin with the sleepwake cycle, precise timing and careful administration of melatonin together with light exposure should be exploited for optimal effects to induce proper phase shifting. 27 One randomized controlled trial found that taking melatonin after arrival reduced the severity of jet lag when compared to its administration before and after flights. 8 Melatonin is not currently licensed in many countries for the prevention or relief of jet lag symptoms.
Sedative-Hypnotics and Jet Lag
Sleep can also be promoted by the administration of hypnotics. 28 Administration of benzodiazepine hypnotics and zopiclone before bedtime in the first few nights after a flight has been shown to improve sleep quality. 8 However, the residual hangover effects the following morning produces a significant impairment in driving performance. Nonbenzodiazepine hypnotics (e.g., zolpidem) have no significant hangover effect the next morning. 29 However, most hypnotics do not re-entrain the underlying desynchrony and are usually only recommended in situations when adaptation is undesirable and for short stopovers. 9 For example, hypnotics such as temazepam can be useful in air crew to facilitate sleep during the period between landing and flying out without significantly impairing psychomotor performance.
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Use of Stimulants in Jet Lag
Other possible pharmaceutical approaches include the use of stimulants that increase driver alertness. The drugs modafinil and armodafinil have shown promising effectiveness in treating daytime sleepiness and shift-work disorder. Both drugs have been approved by the US Food and Drug Administration (FDA) and were initially developed to treat excessive daytime sleepiness disorder, but have yet to be approved for use in treating jet lag to maintain alertness. 9 Caffeine can also promote alertness during desired times of wakefulness and improve cognitive performance in jet-lagged subjects. 31 Thus, caffeine may be of great importance in maintaining daytime alertness and improving attention and orientation while driving in a new time zone. Just like sleeppromoting melatonin, correctly timed dose administration of caffeine needs to be considered as it may result in disturbed nocturnal sleep. 32 It is important to stress that all pharmacological interventions do not re-entrain the circadian rhythm immediately or alleviate underlying jet lag syndrome instantly, but work by hastening the recovery period. 
Light Exposure in Jet-Lagged Travelers
Another aspect of managing jet lag is lifestyle and environmental adaptation. Light exposure, either through natural sunlight or artificial bright light, has the effect of promoting alertness as well as mediating a phase-shifting effect on the circadian rhythm. 33 Light avoidance at critical times is crucial in adjusting to new time zones. Theoretically, exposure to light during the start of the "biological evening", coinciding with the rise in endogenous melatonin, delays the circadian rhythm, and during late "biological dusk" (a fall in endogenous melatonin) it advances the circadian rhythm. 34 Seeking or avoiding light at the correct time is crucial in phaseshifting, together with the administration of melatonin that can act synergistically with respect to phase-shifting. 35 After a westward flight, it is worth staying awake during the day and seeking light in the early evening to delay the synchronization of the circadian rhythm with the new time zone. Conversely, exposure to sunlight early in the day and being outdoors as much as possible during the day are recommended after an eastward flight to advance the circadian rhythm. 36 Recently, much attention has focused on food entrainment and its putative role in promoting peripheral resynchronization. Although further research is required to support this finding, it is recommended to eat at the conventional time in the local time zone of the destination. 9 One interesting mouse model experiment conducted in Japan concluded that mice cope better with jet lag when they are "pre-sensitized" to it. 37 The researchers believed that this may also apply to humans, for example, waking up four hours early on the day before a longdistance eastbound trip.
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Jet Lag as a Risk Factor for Road Traffic Collisions
Traffic medicine, which focuses on the medical fitness to drive, 38 is still in its infancy as a medical discipline, but it is already proving to be a fertile domain for original research. 39 Jet lag and its effect on motorist behavior and performance is just one area of collaborative research potential between travel medicine and traffic medicine. Others include prioritization of road safety in pre-travel consultations, 40 clearance to drive overseas in travelers with pre-existing medical conditions, 41 responsible traveler driving behavior overseas, 42 and analysis of road traffic accidents as a cause of death in international travelers. 43 Understanding the role that jet lag plays as a risk factor in road traffic accidents is a critical first step in minimizing injury and fatal collisions. If going on vacation and renting a vehicle is part of the traveler's itinerary, it is important to take precautions and ensure that the journey is well-planned, including being aware of the incidence of road traffic accidents in the country being visited. It is not recommended to rent a vehicle upon reaching the destination and drive away from the airport immediately if the flight arrives at night or after a long-haul flight crossing more than five time zones. A safer option is to use a safe and economic method of public transportation such as the express rail link from airport to city, hotel shuttle bus, or taxi. Moreover, navigating with unfamiliar signage in a foreign country, driving with the steering wheel on the other side of the car, or a lack of familiarity with local driving conditions, customs, and traffic laws all increase the odds of being involved in a road traffic accident. Arranging a pick-up from the airport with a family member or friend is also advisable and a safer way to get home or to a hotel. It is essential for drivers to recognize that driving while jet lagged is never safe. If driving away from an airport after an overnight or long-haul flight is unavoidable, the driver should be advised to stop and nap for a few minutes, or even to get out of the car to take some fresh air. Table 1 summarizes recommendations based on the authors' clinical experience in travel medicine for the promotion of road safety behavior in international travelers who may be subject to jet lag.
Future Developments in Jet Lag Road Safety
There is a pressing need for an awareness program to educate the public about the potential consequences of jet lag in order to reduce jet lag-induced fatigue-related road traffic accidents. The contribution of jet lag-induced fatigue in road traffic accidents is under-appreciated when compared to other causes of road traffic accidents such as speed driving or driving while intoxicated with alcohol. 44 The complexity of collecting largely self-reported data, which increases the risk of recall bias and misclassification, limits the evidence of a robust relationship between jet lag and road traffic accidents. 45 Mobile health technology presents multiple opportunities to enhance travel health and security, including its use in accelerating acclimatization to a new time zone. 46 Developments in technology for detecting and possibly measuring jet-lag induced fatigue using a real-time tracking device 47 or AdaBoost Classifier with EEG Signals 48 may have a future role in promoting traffic safety in the context of jet-lagged drivers. Road safety should be considered in the context of multiple traumatic and non-communicable disease health risks faced by international travelers, a neglected area of travel medicine research.
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Conclusion
Theoretically, and based on the available research data, jet lag should be regarded as an important factor in the causation of motor vehicle trauma in arriving international passengers. The future research agenda should focus on routinely recording whether jet lag was a co-factor in road traffic accidents, analyzing the effectiveness of public awareness campaigns to highlight this neglected issue, and investigating the impact of jet lag on pedestrian road safety. Far from lagging behind, the What Is Already Known? While jet lag is frequently discussed as part of the pretravel consultation, the effect of jet lag on the risk of traffic injuries and fatalities in drivers has not been well studied.
What This Study Adds?
This article discusses the jet lag in the context of international travel and it explores the effects of jet lag and sleep deprivation on driver behavior abroad. A series of practical recommendations are presented which may serve to reduce the burden of jet lag-induced road traffic incidents. Recommendations for further research are proposed.
Review Highlights travel medicine community is in an ideal position to lead the way in jet lag-related road safety research. 
Road Safety Issue Recommendation
Itinerary planning Ensure a well-planned travel itinerary.
Road safety statistics Familiarize oneself with national road traffic accident data.
Vehicle hire Avoid hiring a vehicle from the airport if arriving jet-lagged, especially for eastward flights.
Direction of travel
Time light exposure to accelerate adjustment to local time zone for eastward travel.
Alternative transportation Arrange private pick-up or public transportation from airport if arriving on a long-haul flight.
Insurance All travelers should have comprehensive travel insurance and the required international driver license.
Alcohol consumption Alcohol should be avoided if planning to drive from the airport to a hotel or home.
Local traffic laws Travelers should respect and obey all local traffic laws.
